Exercise and induced-parturition effects on dystocia and rebreeding in beef cattle 1994. 72:1667-1674 thereafter, all pairs were maintained together on pasture to the end of the study. Exercise did not affect dystocia score or incidence, increased feed requirement 31% ( P < . O l ) , and gave a 14.8% higher ( P < .05) pregnancy rate in the subsequent 45-d breeding season. We hypothesize the increased pregnancy may have resulted from a feed-endocrine effect related to body weight gain, body composition-metabolic changes, or subsequent higher feed intake. Induced calving shortened gestation length 8 d ( P < . O l ) , reduced calf birth wt 2.4 kg ( P < . O l ) , increased the incidence of retained fetal membranes (RFM) 60.3% ( P < . O l ) , increased interval from calving to first estrus 7.6 d ( P < .05), and reduced calf weaning weight 6.9 kg ( P < .15). Body weights and calf birth weights from C exceeded those of H ( P < .05 to < . O l ) , and more C (47.1%; P < .01) showed estrus by beginning of the breeding season and had a 20.4-d shorter ( P < .01) postpartum interval than H.
Introduction
Calf losses from dystocia reduce net calf crop and production efficiency in beef cattle (Patterson et al., 1987) . Methods to reduce these losses have been the subject of numerous studies. It is common thinking among producers that the pregnant dam must have sufficient physical activity (exercise) t o maintain proper muscle tone so that muscle contractions and pressure exerted during Stage I1 of parturition (Roberts, 1971 ) are of sufficient strength to expel the fetus and minimize dystocia. The effects of prepartum exercise on dystocia and periparturient complications have been studied in cattle (Wallace and Raleigh, 1967; Anderson et al., 1979; Lamb et al., 1979, 19811, sheep (Hallford et al., 19821 , and swine (Hale et al., 1981) . Effects of exercise on libido and semen quality in stallions have been studied Dinger et al., 19861, and Hale et al. (1984) studied effects of exercise on age at puberty and conception rates in gilts. Work in dairy cattle (Lamb et al., , 1981 showed that prepartum exercise resulted in improved calving ease, more rapid release of the fetal membranes and uterine involution, and subsequent increased milk production.
The objectives of this study were to determine whether exercise during the last trimester of gestation had any effect on dystocia or rebreeding in beef cattle and to examine the effects and interactions with induced parturition.
Materials and Methods
The study involved 44 primiparous heifers bred to calve a t approximately 24 mo of age and 74 multiparous cows, 3 or 4 yr old, pregnant with their second or third calf, respectively (Table 1 ). All The sire had a birth weight EPD of +.9 kg with an accuracy of .77. All dams were pastured in the same range areas until initiation of the study. Ninety days before the predicted calving date, pregnant dams were assigned at random within age group to one of two exercise groups with or without induced calving. Restricted exercise ( RE) females were placed in feedlots (27 m x 58 m ) with 22 to 29 females assigned per lot. Each lot contained a waterer and an open-faced shed that offered only minimal protection from severe weather. Heifers were segregated from cows. The RE dams were maintained on a feed level with a calculated TDN intake of 4.8 kg per animal daily. The diet consisted of 1.1 kg of pelleted grain mix (80% barley, 20% soybean meal) plus 7.7 kg of average-quality alfalfa hay. All forced exercise (FE) females were maintained in a 92-ha range pasture and fed the same hay and grain mix as RE dams, but in amounts projected to obtain weight changes similar to those observed in RE females. Weights were measured at 14-d intervals throughout the prepartum period, and feed levels were adjusted (maintaining approximately the same hay: grain ratio) for the FE group if needed. Daily feed amounts were recorded and orts estimated for both RE and FE groups during the exercise phase of the study. Both groups had free access to water and a saltmineral mix containing Ca, P, and trace minerals throughout the entire study.
The FE dams were fed 1.6 km away from the only water source in the pasture. Herdsmen observed FE and RE females daily. All FE dams walked from the feeding area to the water and returned every 24 h, which resulted in a daily forced walk of 3.2 km. On rare occasions, a dam walked additional random distances, but this was seldom repeated. No attempt was made to quantify this random activity or the walking speed during the 3.2-km walk. Confounding of results by intake of range forage was minimal because the pasture was covered with sufficient snow to prevent grazing during the entire exercise phase of the study. Physical activity among RE dams was minimal.
All females calved in drylots. The FE dams were moved from the range area to drylots on a weekly basis a t d 260 to 267 of gestation, with transfer date dependent on predicted calving date. The FE dams were not mixed with RE dams and heifers were segregated from cows. Amounts of prepartum diet given to FE dams in drylot were the same as those fed to FE dams remaining on range. Parturition was induced with a synthetic adrenal steroid (flumethazone; Flucort@, Syntex Animal Health, West Des Moines, IA) given as a single i.m. injection a t the rate of 10 mg per animal on d 269. Females receiving the induction treatment were selected at random within the RE and FE groups. Females not receiving steroid treatment were also put through the working chute but received no injection.
Body weights and condition scores ( 1 = thinnest; 10 = fattest) of the dams used for statistical analyses were obtained at 90, 45, and 14 d before calving, within 12 h postpartum, when placed on range pastures, at the beginning and end of the breeding season and at study completion at weaning. Pelvic measurements were obtained at 90 and 14 d precalving. Calf weights were obtained each time dams were weighed after being removed from the calving lots.
All females were observed 24 h daily during the calving season by experienced herdsmen. Necessity for obstetrical assistance was based on their judgment, with the guideline that dams in Stage I1 for 1 h that showed no progress in calf delivery were to be placed in an obstetrical stall and examined to determine cause of delay, and assistance was given if necessary. Each parturition was given a numerical score ranging from 1 (no obstetrical assistance given) t o 4 (extreme difficulty, including Caesarean section). Abnormal presentations (two FE and three RE dams) were scored 5 and included in the dystocia analyses but deleted thereafter. Sex of calf was determined at calving. In addition, each calf was given a vigor score ranging from 1 (normal) to 3 (dead or died within 1 h after birth; Doornbos et al., 1984) . Calves were identified with ear tags, and the umbilicus was treated with 1.5% iodine solution immediately after birth.
Observations for presence of retained fetal membranes (RFM) were made visually at 12 h after calving. All dams, whether exhibiting RFM or not, were given a 20-mL i. weights were obtained within 12 h after birth. If both dam and calf exhibited normal postpartum vigor and health, they were moved to a crested wheatgrass pasture following the 72-h observation period and antibiotic injection.
All dam and calf pairs were pastured together during the postpartum, prebreeding, breeding, and postbreeding period. Alfalfa hay and 2.0-kg pelleted barley was fed until 15-cm new growth was present on western wheatgrass in the native range pasture (May 17). At that time, pairs were moved from the crested wheatgrass pasture to native range and supplemental feeding was terminated. Estrus was determined during the prebreeding period with the aid of sterile bulls wearing marking harnesses, and checks for estrus were made daily. Breeding was by AI during a 45-d period from June 15 until July 30. Bulls were not used to assist in estrus detection during the breeding season. Pregnancy was determined by rectal palpation on October 12.
Data were analyzed by the GLM procedures of SAS (1990) . The model included main effects of exercise (RE vs FE), type of calving (natural [NPI vs induced
[IP] parturition), age of dam (heifer vs cow), and sex of calf (male or female). All main effects and two-way interactions were tested for significance, and higherorder interactions were considered random effects and included in the error term. Chi-square analyses were used for percentage data as appropriate. Significant main effects and two-way interactions are discussed; interactions not discussed were not statistically significant.
Results and Discussion
Data obtained on dams during the 90-d precalving period are summarized in Table 2 . Initial and midstudy differences between the exercise treatments were not significant. However, RE dams were heavier ( P < .05) than FE dams at the precalving weighing.
This weight difference was a reflection of the difference in weight gains during the precalving phase; RE dams gained .17 kg daily, and FE dams lost .03 kg daily ( P < .01).
Analysis of the prepartum feed records showed that RE dams received a calculated 4.8 kg of TDN daily, compared with 6.3 kg for FE dams ( P < .01). Daily estimates of orts were essentially zero for both RE and FE groups and we conclude that the feed supplied was consumed. It is interesting to note that even when FE dams were given 31.2% more feed than RE dams this was not sufficient to result in equal weight gains between the two groups. This finding emphasizes the need to allow for increased nutrient requirements in free-ranging livestock resulting from their physical activity and exposure to environmental conditions. No significant differences were noted in gestationphase data between dams assigned to natural or induced calving. A significant difference was found in the initial condition score between the two groups, but this was interpreted to be due to chance. Cows were heavier ( P < .O 1 ) and had larger pelvic dimensions ( P < .01) than heifers a t all weighings during the precalving phase.
Calving data are summarized in Table 3 . Means for induced parturition were calculated from the 56 dams receiving the induction treatment at d 269 of gestation. We defined successful induction as parturition occurring within 60 h after injection of flumethazone; this was attained in 91.2% of those treated, with an average interval of 46.6 h from injection to parturition. The main or interaction effects of exercise, dam age, or calf sex on induction results were not significant.
Gestation length was shortened 8.0 d in IP dams ( P < .Ol), and gestation lengths of male calves averaged 2.0 d longer than those of females ( P < . O l ) . Induction resulted in a 60.3-percentage-point increase in incidence of RFM ( P < .01). This increase is similar to results of studies summarized by MacDiarmid (1983131, who concluded that incidence of RFM increased with degree of prematurity of the calf resulting from induced parturition.
Induction of parturition reduced calf birth weights by 2.4 kg ( P < .01). The lower birth weights were a direct result of the 8.0-d shorter gestation length that resulted from the induction treatment. Calves from older dams were heavier at birth ( P < .O 1) than calves from heifer dams. Birth weights of male calves exceeded those of females by 1.9 kg ( P < .Ol), which is partially a reflection of the 2-d longer gestation length noted in males as discussed above. These latter two findings are in agreement with data from numerous reports (MacDiarmid, 1983a,b; Reynolds et al., 1990) .
An interaction effect of gestation exercise x type of calving on birth weight was found ( P < dams resulted in the birth of calves that were of lesser physiological maturity than calves from the RE dams. Exercise during gestation had no significant effect on either calving difficulty incidence or severity score. This finding is in agreement with results in beef cattle (Wallace and Raleigh, 1967) and sheep (Hallford et al., 1982) . The results are in contrast to results in dairy heifers, in which forced exercise during gestation resulted in reduced complications at calving and a more rapid release of the placental membranes . We interpret the results of these various studies to suggest that effects of gestation exercise may be dependent on the physical conditioning the pregnant dam has experienced before initiation of the exercise treatment. Dairy heifers are commonly maintained under relatively more inactive or sedentary regimens than are range sheep or beef cattle. Thus, this may be the reason that exercise was beneficial to dairy animals, whereas increased physical activity had no effect in the sheep or beef animals studied because they had been physically active before initiation of their respective studies. Incidence and severity of dystocia were greater ( P < .Ol) in heifers than in cows and all differences in calf vigor scores (Table 3) were nonsignificant. Postpartum reproduction data are summarized in Table 4 . Gestation exercise had no significant effect on length of the postpartum interval from calving to first estrus or percentage of dams detected in estrus before beginning the breeding season. Induced calving resulted in a 7.6-d longer ( P < .05) postpartum interval that resulted in a nonsignificant reduction of 9.5 percentage points in dams that were detected in estrus before beginning the breeding season. The postpartum interval for heifers was 20.4 d longer than in cows ( P < .Ol), which was accompanied by a 47.1% percentage point smaller ( P < .01) number of heifers being detected in estrus before beginning the breeding season. The postpartum interval of dams nursing female calves was 5.6 d shorter ( P > .lo) than that in dams nursing male calves, which was accompanied by a 20.1% percentage point reduction ( P < . O l ) in dams nursing male calves that were detected in estrus before beginning the breeding season.
The interaction effect of type of calving x calf sex on postpartum interval was highly significant. The postpartum interval for dams that calved naturally showed a small difference due to calf sex (56.5 vs 59.1 d, male vs female), but in induced dams the sex difference was reversed and much larger (72.4 vs 58.5 d, male vs female, respectively). The cause of this difference is not evident from this study but may be related to precalving hormone differences shown to exist in dams pregnant with male or female fetuses (Bellows et al., 1993) that interacted with the glucocorticoid-induction treatment, resulting in a prolongation of the postpartum interval in dams that were pregnant with male fetuses.
Gestation exercise resulted in an increase of .27 in number of breedings per conception ( P < .01) due to an increase in the number of estrous cycles less than 9 d in length (17.2% vs 5.1%, FE vs RE, respectively, x2 = 3.91, P < .05). This increase is in contrast to the results in Holstein heifers, in which gestation exercise resulted in a trend for fewer services per conception and fewer days open .
Perhaps the most interesting finding of the present study was the effect of gestation exercise on subsequent pregnancy rate. Dams that received exercise during gestation had a pregnancy rate 14.8 percentage points higher ( P < .05) than that of RE dams following the 45-d breeding season. Induced parturition resulted in an 18.4 percentage point reduction ( P < .01) in pregnancy rate. This reduction is in contrast to the majority of reports on induced parturition in which the procedure had no adverse effect on subsequent reproductive performance (MacDiarmid, 1983b) . It is also in contrast to results obtained previously in this laboratory in which induced parturition had no effect on subsequent pregnancy rate (Bellows et al., 1988) . We postulate that the reduction observed in the present study was a result of uterine metritis associated with the high incidence of RFM and treatment with two intramuscular injections of antibiotics was not sufficient to counteract this condition.
Body weights, condition scores, and daily gains of dams from calving to end of the study are summarized in Table 5 . No significant carry-over effects of gestation exercise or type of calving were found on body weights or condition scores from calving until the end of the study. Differences in body weights between heifers and cows were highly significant throughout the period from calving t o the end of the study. Dams nursing heifer calves were heavier ( P < beginning of the breeding season than dams that were nursing male calves. Gestation exercise affected dam weight gains during the period from calving t o the beginning of the breeding season ( P = .06). Dams with restricted activity lost .06 kg daily, compared to a daily gain of .12 kg for FE dams. All other weight gain differences were nonsignificant.
Calf body weights and daily gains are summarized in Table 6 . Exercise of the gestating dam had no significant effects on calf performance. Induced calving reduced calf birth weight ( P < . O l ) , calf gain from birth to the beginning of the breeding season ( P < . O l ) , and calf gain from birth to weaning ( P = .06).
Analyses of the data using birth weight (linear) as a covariate indicated that these effects were due t o the reduced birth weight and not to a specific effect of the induction treatment. Calves from cows were heavier and gained more rapidly than calves from heifers throughout the study ( P < .05 to < .01). Male calves were heavier and gained more rapidly than female calves during most stages of the study ( P = .08 to < .01).
General Discussion
Results of this study are interpreted to show that exercise during the last 90 d of gestation had no effect on incidence or severity of dystocia in beef animals. We postulate, however, based on findings in dairy animals, under conditions of comparable lack of physical activity, that exercise could be advantageous for beef animals.
The positive carry-over effect of gestation exercise on subsequent pregnancy rate merits further discussion. Means in Table 5 show a compensatory weight gain occurring from calving t o the beginning of the breeding season in FE dams. This gain may be similar to results reported by Manning and Bronson (19891, who found increased feed efficiency in exercised rats. When exercise was terminated they noted a 25% increase in feed intake, a 39% increase in body weight, and repeated LH pulsing or an increase in basal levels of LH. Thus, increased pregnancy rates in the present study may result from a similar feed-endocrine rebound effect that occurred when forced exercise was terminated. This possibility, coupled with the fact that FE dams received 31.2% more feed during the precalving phase, may have increased gut size and capacity (Burrin et al., 19901 , with the potential of increasing intake. Even though nutrient demand for the larger gut would be increased, the subsequent feed intake and utilization efficiency of the FE dams may have been higher than that of the RE dams during the calving-to-breeding phase, resulting in the increased pregnancy rate. Increased feed intake during this critical nutritional period has been shown to have a positive effect on reproductive performance (Randel, 1990) .
We also speculate that gestation exercise may have resulted in a metabolic-body composition difference between the RE and FE dams. Lamb et al. (1981) found that prepartum exercise in dairy cows resulted in a higher milk-protein percentage for the lactation and an increase in solids-not-fat percentage in milk of dams that had received a moderate exercise treatment. Even though body condition scores did not differ, metabolism and body composition of RE dams in the present study may have been more fat-oriented, whereas it may have been more protein-oriented in the FE dams, resulting in a positive effect on subsequent reproduction. Whether these suggested mechanisms are correct cannot be ascertained from results of the present study. We suggest that studies involving physical-activity effects on reproduction merit further consideration.
Implications
Gestation exercise cannot be used as a method to reduce the incidence or severity of dystocia in range beef cattle that are in good physical condition. The finding that gestation exercise had a positive carryover effect on subsequent pregnancy rate is interpreted to suggest that benefits may be gained from factors other than reduced dystocia. Because dams receiving exercise required 31% more feed to maintain body weight than did dams with restricted exercise, additional data are needed to establish the mechanism of this effect and to quantify the amount of exercise needed to obtain the increased pregnancy rate while reducing feed required.
